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I. Basis of the rep rt 

1 . This report has been drawn on the basis of (substitute stieets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70. 17).): 

Description, pages: 

1-3 as originally filed 

1 a,4 with telefax of 29/1 1 /2000 
Claims, No.: 

1-11 with telefax of 29/1 1 /2000 
Drawings, sheets: 

1/3-3/3 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1(b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the International application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the International application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 
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□ the description, pages: 

□ the claims. Nos.: 

□ the drawings, sheets: 

5. n This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-11 




No: 


Claims 




Inventive step (IS) 


Yes: 


Claims 






No: 


Claims 


1-11 


Industrial applicability (lA) 


Yes: 


Claims 


1-11 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

Vlli. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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1 . The various definitions of the device given in independent claims 1 ,3,7 and 9 
make it uncertain as to what aspects of the claimed invention constitute essential 
features. These claims hence render each other unclear, with the result that the 
conditions of Art, 6 PCT are not met. Any newly drafted independent claim should 
rectify this, also ensuring that the claims are drafted with the minimum necessary 
number of claims in any one category (Rule 6.1(a)(b) PCT and with dependent 
claims as appropriate (Rule 6.4 PCT). It is noted that Art. 6 PCT deals with the 
clarity of the claims, not, as the applicant implies in his reply to the written opinion, 
with unity of invention (Rule 13 PCT). 

2. There is no basis in the claims as searched for the combination of features of 
claim 3. In particular, the feature "a downstream portion of decreasing diameter in 
said direction of flow providing a generally conical surface generally parallel to a 
converging tapered wall of an adjacent flow channel" was not present in either of 
originally filed claims 1 or 3 (as asserted by the applicant in his reply to the written 
opinion). Nor can it be expected that a combination of the apparatus features of 
claims 1 and 3 has been searched with the feature quoted above, when aspects 
of the said feature only appear in method claims (e.g. claims 8 and 10). In this 
instance an opinion is given on claim 3, nevertheless, for the purposes of any 
future regional prosecution of the present application, attention is drawn to the fact 
that claims containing unsearched features are not normally examined (R. 66.1(e) 
PCT). 

3. GB-A-1 007 140 (D1) with particular reference to the figures, describes an 
extruder having a screw (12) with a helical flight rotatable in a cylindrical barrel for 
propelling an extrudate material from an upstream portion to a downstream 
portion of said barrel and an extruder screw nose at a discharge end of said 
extruder, whereby the screw nose has an upstream portion of said barrel to a 
downstream portion, and in which said screw nose has an upstream portion (e.g 
14, 24, 34) of increasing diameter in the direction of flow of said extrudate 
providing a generally conical surface (see page 7, line 13) for decreasing a 
transition space between said screw nose and said cylindrical barrel and 
maintaining working engagement with said extrudate to maintain pressure on said 
extrudate at said discharge end. 
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4. WO-A-85 01467 (D2), with particular reference to fig. 4, describes an extruder 
screw nose for a discharge end of an extruder having a screw (63) with a helical 
flight rotatable in a cylinder barrel (64) for propelling an extrudate material from an 
upstream portion of said barrel to a downstream portion, and in which said screw 
nose has an upstream portion (67) of increasing diameter in the direction of flow 
of said extrudate providing a generally conical surface (see page 7, line 13) 
potentially capable of decreasing a transition space between said screw nose 
and said barrel and maintaining working engagement with said extrudate to 
maintain pressure on said extrudate at said discharge end. However, it is noted 
that the diameter of the barrel section in Fig. 4 is also increased, which would not 
lead to compression of the extrudate so as to maintain pressure on it at the 
discharge end. 

5. The only feature of claim 1 not taught by D1 is the aspect of two helical flights on 
the extruder screw. However, as accepted by the applicant, such a feature is 
extremely well known in the field. As examples both EP-A-490 058 (D3) and GB- 
A-1 242 481 (D4) are cited. Claim 1 therefore fails to meet the requirements of 
Art. 33(3) PCT. It is noted that arguments relating to the space between the end of 
the screw flight and the screw nose are not relevant to this analysis, as a feature 
defining this space is not explicitly present in claim 1 . Moreover, once steady state 
has been achieved in D1 , the effect of a small area of any enlarged space prior to 
the smear head will be negated by the back pressure resulting from the 
decreasing transition space. It is also observed that the basis for this analysis is 
D1 , thus the problem to be overcome is one of inadequacy of the extruder screw 
of D1 , for which the skilled man has adopted the solution of two helical flights. 
Whilst it is possible to attempt an analysis starting from the extruder of D3 or D4, 
and derive a problem associated with porosity due to he expansion of volatiles 
under reduced pressure, this is not the basis used for the present assessment, 
and therefore has no bearing on it. 

6. The features of claim 2 are also taught by D1 and D2 by virtue of the conical 
portion in front of area (16, 26, 36) in D1, and portion (105) in fig. 4 of D2. Claim 2 
thus also fails to meet the requirements of Art. 33(3) PCT. 

7. Claims 3-6 deal with specific angles of the cone shape of the extruder nose. The 
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skilled man, once in possession of the knowledge of claim 1 , would clearly 
conduct experimental tests to deduce the optimal arrangements for the nose cone 
angles. As such the features of claims 3-6 are merely design options which the 
skilled man could easily arrive at, rather than inventive (Art. 33(3) PCT) 
developments. 

8. Compression of the extrudate prior to e.g. increase pressure injection, is a 
common feature of an extrudate, and is often achieved by incorporation of a 
"smear head", such as that known from D1 . Given that the conical arrangement of 
claim 1 is already known per se, and the use of such an extruder nose shape in 
conjunction with an appropriate barrel profile to produce a pressure increase is 
also known, claims 7-11 are not considered inventive (Art. 33(3) PCT). The 
arguments of paragraph 5 above concerning the enlarged area in D1 between the 
end of the screw flight and the screw nose apply equally in respect of claims 7-1 1 . 

9. D2 and D3 are not incorporated into the description ((Rule 5.1 (a)(ii) PCT). For the 
applicant's future reference, it is noted that the use of the expression D1-D4 in the 
written opinion meant D1 to D4, not D1 and D4, 

10. The two-part claim style is not used (Rule 6.3 PCT) correctly, as D1 teaches many 
of the features presently in the characterizing portion of the independent claims. 



Form PCT/Separate Sheet/409 (Sheet 3) (EPO-April 1997) 



29-11-2000 US 009900653 



lA 

Examples of extruders hnvung screws wilb two beiical flights are shown in Great Britain 
patents GBA-10O714O and GB I 242 -Ml . 
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mainiains tfae pressure on the rubber aiKl prevenis e^ipansion of the volatiles ia the rubber. After 
passing over the conical surfece 42 of the upstream portion 36 of the sctcw nose 26, the rubber 
flows over the downstream portion 38 which has a decreasing diameter in the direction of flow 
with a surface 42 at the angle Y, in substastiaUy parallel relation to the tapered sur&ce 44 of tfae 
5 flow diannel head 14 which is inclined at an angle Z relative to the axis 0-0 of the screw nose. 
With tbi$ conflguratioTi the rubber is coniiDed to the space between the tiered surface 44 and 
the conical surface 42 and maintained in working engagement with these surfaces 44 and 42 of 
die tapered waJJ and upstream sur&ce, thereby maintaining pressure on lis rubber and preventing 
the fortnatKon of bubbles by ejg>amion of the volatiles in tfae rubber material. The rubber tnateriaJ 
10 then flows through the flow channel 16 of the flow head 14 which has a generally constant 
secdonal area to a die (not shown) where ic is formed in the final shape without expansion of the 
volatiles, providing a bubble free, snK>oth surfaced extrudate. 
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CLAIMS 

1. An extruder 12 having a screw 18 with at least two helical flights 30, 32 rotatable in a 
cylindrical barrel 20 for propellmg an cxtrudatc material from an upstream portion 36 to a 
downstream portion 38 and an extruder screw nose 26 at a discharge end 28 of eaid cxtmdcr of 
said barrel characEerized by said screw nose 26 having an npstream portion 36 of increasing 
diameter in the direction of flow of said extrudatc providing a generally conical surface 42 for 
decreasing a transition space 46 between said screw nose 26 and said cylindrical barrel 20 and 
maintaining worlnng engagcmtent with said extnidate to maintain pressure on said extnidate at 
said discharge end 28. 

2. The extruder according to claim 1 further characterized by said screw nose 26 having a 
downstream portion 38 of decreasing diameter in said direction of flow providing a generally 
conical sur&ce 42 generally parallel to a converging tapered wall 44 of an adjacent flow channel 
hlodk 1 6 for tftaintaining working engagement with the extrudate and maintaining the pressure on 
the exmidate at said discharge end 28. 

3. The extruder screw nose 26 for a discharge end 28 of an extruder 12 having a screw 18 
with at least two helical flights 30» 32 rotatable in a cylindrical barrel 20 for proj^elling an 
extrudate material from an upstream portion 36 of said bamd 20 to a downstream portion 38 of 
said baixet 20 characterized by said screw nose 26 imving an upstream porliim 36 of increasing 
diameter in the direction of the flow of said extrudate providing a generally conical surface 40 
disposed at an angle of 45 degrees to 65 degrees relative to the axis of the screw nose 26 and a 
duwn:>txt;am purtiun 38 of decreasing dian^ter in said direction of flow providing a generally 
conical surface 40 generally parallel to a convexging tapered waU 44 of an adjacent flow channel 
block 14. 

4. The extruder screw nose 26 of claim 3 further characterized by said angle of said conical 
surface 40 of said upstream portion 36 being about 50 degrees. 

5. The eXtmder screw nose 26 according to claim 3 further characterized by said generally 
conical surface 40 of said downstrram portion 36 being at an angle of 35 degrees lo 45 degrees 
relative to the axis 0-0 of said screw nose 26. 

6. The extruder screw nose 26 of claim5 further characterized by said angle of said generally 
conical surface 40 of said downsU^eam portion 36 being at an angle of about 40 d^rees. 

7. A method of extruding a shaped visco-elastic component, comprising: 
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(a) feeding a visco-elastic material mto a cylindrical extruder barrel 20 at a feed end 
22 of said extruder 12, 

(b) rotating a screw 18 to mix and provide working engagement of said screw 18 with 
said cylindrical extruder barrel 20 characterized by, 

(c) maintaining working engagement of said screw 1 8 and said extruder barrel 20 at a 
discharge eiKl 28 of said extruder 12 by confining the flow of said vlsco-elastic matcriai 
through a transitian space 46 between a screw nose 26 on said screw 18 and said 
cylindrical extruder barrel 20 wherein said SCTew nose 26 has an upstream portion 36 of 
increasing diameter in the direction of flow of said material providing an upstream 
gen^^y conical surface 40. 

8 . The method of claim 7 finther comprising maintaining working engagement of said visco- 
elastlc material from said upEtream pcntton 36 to a downstream portion 38 of decreasing diameter 
in said transition space 46 wherein a flow channel head 14 with a tapered wall 44 is attached to 
said extruder 12 charactcriz^ed by conveying said visco-elastic material in working eng^eraent 
with said downstream portion 38 of said screw nose 26 and said tapered wall 44 of said flow 
channel head 14. 

9. An extruder 12 and flow channel head assembly 10 con^rising an extrader 12 having a 
screw 18 and cylindrical barrel 20 witti a screw flight 30 extending &om a feed end 22 to a 
discharge end 28 ^ said discharge end 28 being attached to a flow channel head 14 containing a 
flow channel 16 for carrying rubber from ^d extruder 12 to a suitable die» a screw nose 26 on 
said extruder screw 18 positioned at the end of said screw flight transition space 46 at said 
discharge end 28 of said barrel 20 characterized by said screw nose 26 having a radially 
expanding t^stream portion 36 providing a conical surface 46 of in«easing diameter in the 
direction of flow of said rubber for maintaining said rubber in working engagement with said 
screw nose 26 and said cylmdex wall, whereby the pressure on said rubber is maintained in said 
transition space 46 . 

10. An extruder 12 and flow head ass^nbly 10 according to claim 9, further characterized by 
said screw nose 26 Having a downstream portion 38 with a conical surface 40 of ctecreasing 
diameter in the direction of Sow of said rubber spaced from an opposing tapered wall 44 of said 
flow <^nnel head 14 to maintain working engagement of said rubber with said conical sur£acc 40 
of said screw nose 26 and said tapered wall 44 f said flow channel head 14 whereby pressure on 
said rubber is maintained to prevent expansion of volatiles in said rubber. 
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11. An extruder 12 and flow head assembly 10 according to claim 1 0, Either characierized by 
said flaw chaimel 16 having a generally constant cross secdonal area from said taper^ wall 44 of 
said flow channel bead 14 to a discharge end 28 of said flow channel head 14 to maintain prcssu-c 
on said robber and provide thne for voiatiies in said mbber to be dissolved before ejection from 
said flow channel head 14. 
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I. Basis of th r port 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70.17).): 
Description, pages: 

1 -3 as originally filed 

1a,4 with telefax of 28/1 1/2000 
Claims, No.: 

1 -6,7 (part) as amended under Article 1 9 

7 (part),8-1 1 with telefax of 28/1 1/2000 

Drawings, sheets: 

1/3-3/3 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 
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4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing suet) amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations. If necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, Inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-11 

No: Claims 

Inventive step (IS) Yes: Claims 

No: Claims 1-11 

Industrial applicability (lA) Yes: Claims 1 -1 1 

No: Claims 



2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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1 . The various definitions of the device given in independent claims 1 ,3,7 and 9 
make it uncertain as to what aspects of the claimed invention constitute essential 
features. These claims hence render each other unclear, with the result that the 
conditions of Art. 6 PCT are not met. Any newly drafted independent claim should 
rectify this, also ensuring that the claims are drafted with the minimum necessary 
number of claims in any one category (Rule 6.1(a)(b) PCT and with dependent 
claims as appropriate (Rule 6.4 PCT). It is noted that Art. 6 PCT deals with the 
clarity of the claims, not, as the applicant implies in his reply to the written opinion, 
with unity of invention (Rule 13 PCT), 

2. There is no basis in the claims as searched for the combination of features of 
claim 3. In particular, the feature "a downstream portion of decreasing diameter in 
said direction of flow providing a generally conical surface generally parallel to a 
converging tapered wall of an adjacent flow channel" was not present in either of 
originally filed claims 1 or 3 (as asserted by the applicant in his reply to the written 
opinion). Nor can it be expected that a combination of the apparatus features of 
claims 1 and 3 has been searched with the feature quoted above, when aspects 
of the said feature only appear in method claims (e.g. claims 8 and 10). In this 
instance an opinion is given on claim 3, nevertheless, for the purposes of any 
future regional prosecution of the present application, attention is drawn to the fact 
that claims containing unsearched features are not normally examined (R. 66.1(e) 
PCT). 

3. GB-A-1 007 140 (D1) with particular reference to the figures, describes an 
extruder having a screw (12) with a helical flight rotatable in a cylindrical barrel for 
propelling an extrudate material from an upstream portion to a downstream 
portion of said barrel and an extruder screw nose at a discharge end of said 
extruder, whereby the screw nose has an upstream portion of said barrel to a 
downstream portion, and in which said screw nose has an upstream portion (e.g 
14, 24, 34) of increasing diameter in the direction of flow of said extrudate 
providing a generally conical surface (see page 7, line 13) for decreasing a 
transition space between said screw nose and said cylindrical barrel and 
maintaining working engagement with said extrudate to maintain pressure on said 
extrudate at said discharge end. 
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4. WO-A-85 01467 (D2), with particular reference to fig. 4, describes an extruder 
screw nose for a discharge end of an extruder having a screw (63) with a helical 
flight rotatable in a cylinder barrel (64) for propelling an extrudate nnaterial from an 
upstream portion of said barrel to a downstream portion, and in which said screw 
nose has an upstream portion (67) of increasing diameter in the direction of flow 
of said extrudate providing a generally conical surface (see page 7, line 13) 
potentially capable of decreasing a transition space between said screw nose 
and said barrel and maintaining working engagement with said extrudate to 
maintain pressure on said extrudate at said discharge end. However, it is noted 
that the diameter of the barrel section in Fig. 4 is also increased, which would not 
lead to compression of the extrudate so as to maintain pressure on it at the 
discharge end. 

5. The only feature of claim 1 not taught by D1 is the aspect of two helical flights on 
the extruder screw. However, as accepted by the applicant, such a feature is 
extremely well known in the field. As examples both EP-A-490 058 (D3) and GB- 
A-1 242 481 (D4) are cited. Claim 1 therefore fails to meet the requirements of 
Art. 33(3) PCT, It is noted that arguments relating to the space between the end of 
the screw flight and the screw nose are not relevant to this analysis, as a feature 
defining this space is not explicitly present in claim 1 . Moreover, once steady state 
has been achieved in D1 , the effect of a small area of any enlarged space prior to 
the smear head will be negated by the back pressure resulting from the 
decreasing transition space. It is also observed that the basis for this analysis is 
D1 , thus the problem to be overcome is one of inadequacy of the extruder screw 
of D1 , for which the skilled man has adopted the solution of two helical flights. 
Whilst it is possible to attempt an analysis starting from the extruder of D3 or D4, 
and derive a problem associated with porosity due to he expansion of volatiles 
under reduced pressure, this is not the basis used for the present assessment, 
and therefore has no bearing on it. 

6. The features of claim 2 are also taught by D1 and D2 by virtue of the conical 
portion in front of area (16. 26, 36) in D1, and portion (105) in fig. 4 of D2. Claim 2 
thus also fails to meet the requirements of Art. 33(3) PCT. 

7. Claims 3-6 deal with specific angles of the cone shape of the extruder nose. The 
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skilled man, once in possession of the knowledge of claim 1 , would clearly 
conduct experimental tests to deduce the optimal arrangements for the nose cone 
angles. As such the features of claims 3-6 are merely design options which the 
skilled man could easily arrive at, rather than inventive (Art. 33(3) PCT) 
developments. 

8. Compression of the extrudate prior to e.g. increase pressure injection, is a 
common feature of an extrudate, and is often achieved by incorporation of a 
"smear head", such as that known from D1 . Given that the conical arrangement of 
claim 1 is already known per se, and the use of such an extruder nose shape in 
conjunction with an appropriate barrel profile to produce a pressure increase is 
also known, claims 7-11 are not considered inventive (Art. 33(3) PCT). The 
arguments of paragraph 5 above concerning the enlarged area in D1 between the 
end of the screw flight and the screw nose apply equally in respect of claims 7-1 1 . 

9. D2 and D3 are not incorporated into the description ((Rule 5.1(a)(ii) PCT). For the 
applicant's future reference, it is noted that the use of the expression D1-D4 in the 
written opinion meant D1 to D4, not D1 and D4. 

10. The two-part claim style is not used (Rule 6.3 PCT) correctly, as D1 teaches many 
of the features presently in the characterizing portion of the independent claims. 

1 1 . Technical features in claims 1 -7 are not followed by reference signs to the 
drawings (Rule 6.2(b) PCT). It is noted that reference signs are of greatest benefit 
for the understanding of apparatus claims. 

12. Newly submitted page 6 does not coincide with the content of the claims on page 
6 as submitted on 01 .08.00. The applicant is requested to clarify this aspect of the 
application in any future regional prosecution. 
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Examples of extruders having screws with iwo helical flights are shown in Great Britain 
patents GBA- 1007140 and GB 1 242 48 1 . 
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«^mtt«pTessu« on the rubber «ul prevents After 
passing over tbc conical surface 42 of the upstream portion 36 of the screw nose 26, the rubber 
flows over the downstream portion 38 which has a decreasing dian«eter in the direction of flow 
with a surface 42 at the angle Y. in substantiany parallel relation to the tapered suifece 44 of the 
5 flow Channel head W which h inclined at an angle Z relative to the axis 0^ of the screw nose. 
With this configuration the rubber is confined to the space between tiie tapered surface 44 and 
the conical suriiu* 42 and maikained in working engagen^ 

lapeicd wan and upstream surface . thereby maintaining pressure on the rubber and preventing 
the formation of bubbles by e:tpamion of the volatiles in the rubber material . the rubber material 
10 then flows through the flow channel 16 of the flow head 14 which has a generally constant 
secdonal area to a die (not shown) where it is formed in the final shape without expansion of the 
volatiles, providing a bubble free, smooth surfeced extrudaite. 
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CLAIMS 

L An extruder having a screw with at least two helical flights rotatable in a cylindrical 
bairel for propelling an extrudate material from an upstream portion and an extruder screw nose 
at a dischai^e end of said extruder of said barrel to a downstream portion characterized by said 
5 screw nose having an upstream portion of increasing diameter in the direction of flow of said 
exlnidate providing a generally conical surface fox decreasing a transition space between said 
screw nose and said cylindrical barrel and maintaining working engagement with said oxtrudaie 
to maintain pressure on said cxtrudate at said discharge end. 

2. The extruder according to claim 1 further characterized by said screw nose having a 
10 downstream portion of dc^creasing diameter in said direction of flow providing a generally 

conical surface generally parallel to a converging tapered wall of an adjacent flow chaxmel block 
fox maintaining working engagement with the extrudate and maintaining the pressure on the 
cxtrudate at said discharge end 

3. An extruder screw nose for a discharge end of an extruder having a screw with at least 
15 two helical flights rotatable in a cylindrical barrel for propelling an cxtrudate material fiom an 

upstream portion of said banrel to a downstream portion of said barrel characterized by said 
screw nose having an upstream portion of increasing diameter in titie direction of the flow of said 
cxtrudate providing a generally conical surface disposed at an angle of 45 degrees to 65 degrees 
relative to the axis of the screw nose and a downstream portion of decreasing diameter in said 
20 direction of flow providing a generally conical surface generally parallel to a converging tapered 
wail of an adjacent flow channel block. 

4. The extruder screw nose of claim 3 further characterized by said angle of said conical 
surface of said i^stream portion being about SO degrees, 

5. The extruder screw nose according to claim 3 further characterized by said generally 
25 conical surface of said downstream poitton being at an axigle of 35 degrees to 45 degrees relative 

to Ihc axis of said screw nose. 

6. The extruder screw nose of claim 5 further characterized by said angle of said generally 
conical surface of said downstream portion being at an angle of about 40 degrees, 

7. A method of extruding a sh^ed visco-elastic component, comprising: 
30 (a) feeding a visco-elastic material into a cylindrical extmder barrel at a feed end of 

s&'d extruder, 

(b) rotating a screw to mix and provide worldng engagement of said screw with said 
cylindrical extruder barrel characterized by. 
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(a) feeding a visco-dastic tnaterial into a cylindrical extruder barrel 20 at a feed end 
22 of said extnulCT 12, 

(b) rotating a screw 18 to mix and provide working engagement of said screw 18 with 
said cytindrical extruder bairei 20 characterized by, 

(c) maintaining workiog engagement of said screw ISandsaidexmider barrel20aia 
discharge end 28 of said extruder 12 by confining the flow of said visco-elastic material 
through a transition space 46 between a screw nose 26 on said screw 18 and said 
cylindrical extruder barrel 20 wherein said screw nose 26 has an upstream portion 36 of 
increasing diameter in the direction of flow of said material providing an upstream 
generally conical surSace 40. 

8. The methodof claim 7 ttarfher comprising maintainins working engagement of said visco- 
elastic material from said upstream portion 36 to a downstream portion 38 of decreasing diameter 
in said transition space 46 wherein a flow channel head 14 with a tapered wall 44 is attached to 
said extruder 12 characterized by conveying said visco-elastic material in working engagement 
with said downstream portion 38 of said screw nose 26 and said tapered wall 44 of said flow 
channel head 14. 

9. An extruder 12 and flow channel head assembly 10 comprising an extruder 12 having a 
screw 18 and cylindrical barrel 20 with a screw fUght 30 extending from a feed end 22 to a 
discharge end 28. said discharge end 28 being attached to a flow channel head 14 containing a 
flow channel 16 for carrying rubber from said extruder 12 to a suitable die. a screw nose 26 on 
said extruder screw 18 positioned at the end of said sctcw flight transition space 46 at said 
discharge end 28 of said barrel 20 characterized by said screw nose 26 having a radially 
expanding upstream portion 36 providing a conical surface 46 of increasing diameter in the 
direction of flow of said rubber for maintaining said rubber in working engagement widi said 
screw nose 26 and said cylinder wall, whereby the pressure on said rubber is maintained in said 
transition space 46. 

10. An extruder 12 and flow head assembly 10 according to claim 9, further characterized by 
said screw nose 26 having a downstream portion 38 with a comcal surface 40 of decreasing 
diameter in the direaion of flow of said rubber spaced from an opposing upered wall 44 of said 
flow channel bead 14 to maimain working engagement of said rubber with said conical surfece 40 
of said screw nose 26 and said tapered wall 44 of said flow channel head 14 whereby pr^sstire on 
sMd rubber is maintained to prevent expansion of volatUes in said rubber. 
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U. Ad exmider 12 and flow ticad assembly 10 according to claim 10, furthfir characterized by 
said flow channel 16 having a generally constant ctoss sectional area from said i^red wall 44 of 
said flow channel head 14 to adiscbaxge end 28 of said flow channel head 14 to maintain pressure 
on said rubber and provide time for volatiles in said rubber to be. dissolved before ejection from 
said flow dumnel head 14. 
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ABSTRACT : PURPOSE: To provide a thermoplastic resin kneading extruder which has large extrusion 
capactity and small back pressure with preferable resin kneading and dispersion 
performance by providing to a shaft at the extrusion end of the extruder a specific gap part 
expanding radially. 

CONSTITUTION: In a resin extruder in which a rotary screw 1 1 (reference numeral 1 1a 
represents fins) is inserted into a cylinder 10, a disc 12 Is provided at the end of the screw 
1 1 to form a gap radially expanding between the disc and the cylinder 10, and a number of 
kneading grooves 1 3 are formed on the end face 1 2a of the disc 1 2 and the inner 
peripheral end 10a of the cylinder 10 facing to each other. 
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